The Down syndrome is one of the most common genetic disorders, which clinical neurologic disorders such as muscular hypotonia and mental retardation occur. Muscular hypotonia in children with Down syndrome may affect growth, such as motoric growth and speech impediment. Hypotonia in children with Down syndrome will raise difficulties to move against gravitation, thus resulted in inefficient motoric growth. The manifestations are delay in child's ability to seat, stand, and walk. Children with Down syndrome are able to walk more or less in 2 years of age. 1 In addition, hypotonia in children with Down syndrome can also manifest in weakness of orofacial musculature, i.e lips, tongue, and cheek. It produces an indistinguishable pronunciation, speech impediment, or stutters, because they cannot hold breathe long enough when saying a whole sentence. In this situation, oral muscular therapy as part of speech therapy program is recommended to increase the muscular tone. 2 In normal condition, stomatognathic system musculature as an environmental factor (factor outside the bone) may influence dentocraniofacial growth. Stomatognathic system musculature that gives effect to dentocraniofacial is orofacial muscles' activities in chewing, swallowing, breathing, and speaking. These orofacial muscles are referred to mastication, lips and surroundings, tongue, and facial muscles. 3, 4 Hypotonia as a characteristic of patients with Down syndrome is clearly evident in face expressions and oral dysfunctions. Oral dysfunctions commonly seen in these patients are open mouth, protruding tongue, difficulties in chewing, swallowing, and speaking. In addition, drooling and mouth breathing are frequently observed in these patients. 5, 6, 7 Macroglossia is a frequent finding in Down syndrome, but it is not clear whether the apparent large tongue in these patients is anatomically enlarge or functionally enlarged as a result of an abnormal forward posture. The narrow maxilla results in lack of space for the tongue may lead the patient to protrude it. This can also gives impression of macroglossia. 8 Protruded tongue in Down syndrome patients is predicted to cause a dull gonion angle in the mandible, as well as anterior openbite. However, Fischer-Brandies 9 in his study of children with Down syndrome 0-14 years of age found that gonion angle when they were baby was slightly smaller than normal babies (without Down syndrome). Moreover, he found no difference in gonion angle during growth to 14 years of age, so he concluded that protruded tongue in children with Down syndrome seems to have no effect to gonion angle. This needs a further study, because the likeness of gonion angle between Down syndrome patients and normal children can not be assessed only by protruded tongue, yet the forces of mastication muscles need to be considered. It is likely that oral muscular exercises can increase the force of mastication muscles; therefore the craniofacial bone abnormality can be minimized.
Craniofacial can be divided into two sections: cranial section and facial section. Growth of facial section has a closer association with somatic growth and it occurs gradually. Begin with lateral growth, continued with anteroposterior growth, and ultimately vertical growth. 10, 11 Explanation above indicates that muscular hypotonia in patients with Down syndrome can produce disturbance in oral function, and affecting the bone growth in the region of mouth. Therefore, the purpose of this study was to observe the effect of mastication muscular tone on facial size in Down syndrome patients.
materials and methods
In this study, male and female between 14-18 years of age with Down syndrome from Sekolah Luar Biasa (Special Schools) in Jakarta was selected. The diagnosis were established clinically by observing the clinical characteristic in children with Down syndrome, and by citogenetic examination, that was, a child with trisomy 21 aberration. Twenty-five children with Down syndrome were chosen, after several approaches and examinations were carried out.
Mastication muscular tone acted as independent variable, described with: 12 1) Electromiogram of masseter and temporalis muscle, afterward these muscles were joined as a single variable, that was, masseter-temporalis muscle synergy. 2) Oral function, that was total score of these examinations: a) swallowing; b) chewing, the amount of chew before swallowing ± 2 cm 2 crackers; c) resting position between upper and lower lip; d) breath habit; e) drooling, involuntary saliva excretion; f) tongue in resting position; g) free way space measurement. Both variables of mastication muscular tone were analyzed, to obtain factor variable of muscular tone factor.
Facial size of lateral, anteroposterior, and vertical growth served as dependent variable: 12 1) variables attributed to facial size of lateral growth were: GonionGonion (Go-Go), nose width, maxillary width, mandibular width, face width, inter orbits, Zygion-Zygion (Zy-Zy), Alae nasi-Alae nasi (Al-Al), Endocantion-Endocantion (EnEn); 2) variables attributed to facial size of anteroposterior growth were: maxillary length, mandibular length, SellaNasion-Point A angle (S-N-A), S-N-B angle, ArticulareGonion-Menton angle (Ar-Go-Me); 3) variables attributed to facial size of vertical growth were: ANS-Menton (ANS-Me), Nasion-ANS (N-ANS), Nasion-Gnathion (N-Gn), Nasion-Subnasale (N-Sn), Ramus Mandibulae, Sella-Gonion (S-Go).
After factor analysis of all three variable groups was carried out, each factor variable of facial size of lateral growth, facial size of anteroposterior growth, and facial size of vertical growth was obtained. Regression test was carried out to observe the effect of degree of mastication muscular tone on each facial size in Down syndrome patients.
results
The outcome of examinations carried out in 25 male and female with Down syndrome were mean and standard deviation ( ± SD) of electromyogram of massetertemporalis muscle synergy i.e. 596.28 ± 120.34 mm 2 /sec, and mean ± SD of oral functions total score, i.e. 11.36 ± 3.25. These muscular tone variables were subjected to factor analysis, to attain factor variable of muscular tone. Results of regression test regarding degree of mastication muscular tone effect on facial size in Down syndrome patients were listed in table 1. The test showed that the degree of mastication muscular tone has a significant effect on facial size of anteroposterior growth (p = 0.012) and facial size of vertical growth (p = 0.020), but not significant on facial size of lateral growth (p = 0.527).
discussion
Bone is flexible and may react to functional tension and pressure, thus it can be suggested that form and function are intimately related. Functions that performed by muscles include mastication, deglutition, speech, face expressions, and respiration. Physiologically, tension and pressure can produce alteration in external form and internal structure of the bone. The amount of alteration within bone depends on the tension and pressure encountered. However, pressure from the muscle is within the limits of its morphogenetic pattern. The stimulation from muscle to a certain limit (optimal limit) will induce cell growth to become remodeling that may influence bone shape and size. 13 The mastication process always relates to activities of mastication muscles. The impact of functional stimulation to craniofacial is mainly derived from mastication muscles activity. This stimulation will produce biomechanical forces and Piezo effect to the bone. Both effects will produce the distortion of collagen tissue, and will create both direct and indirect electric potential that induce osteoblastic and osteoclastic process. 14 Kiliaridis 15 stated that eating soft diet regularly will reduce the function of mastication, thus fibers of masticatory muscles will be smaller. Consequently, mastication or contraction strength will be reduced and produce changes in bone remodeling. This may influence the craniofacial bone growth. Moreover, Engstrom et al. 16 demonstrated that rats fed a soft diet will have diminution in degree of mastication function, which will change bone apposition pattern in cortical bone and upper facial sutures. Kiliaridis et al. 17 proposed that weakened of mastication muscles may influence the size of gonion angle.
In this study, regression test was carried out to observe the effect of degree of mastication muscular tone on facial size in patients with Down syndrome. The result of regression test indicates that the degree of mastication muscular tone has a significant effect on facial size of anteroposterior growth (p = 0,012) and vertical growth (p = 0.20), but not significant on facial size of lateral growth (p = 0,527).
Factors of facial size of anteroposterior growth contain the length of maxilla, length of mandibula, and Ar-Go-Me angle (gonion angle). Those parts have a direct correlation to masseter muscle activities when function, considering masseter muscle have insertion on angulus and ramus mandibulae, and its origin is on arcus zygomaticus. 18 Kiliaridis et al. 17 also stated that weakened of mastication muscles will reduce mechanical strength, that compress the mandible and resulting changes to gonion angle. The research performed in patients with myotonic dystrophy revealed that weakened of mastication muscle will reduce mechanical compression to the mandible, so the mandible will be pulled downward easily. The downward movement of mandible may be resulted from gravitation or probably by force of suprahyoid muscle downward. The mouth will likely to open, meanwhile posterior teeth will continue to erupt. Thus, anterior open bite will occur. As a result, gonion angle will be larger than normal.
A strong mastication muscle will amplify the rotation of mandible to anterior, thus gonion angle will be narrowed. Diet alteration will cause changes in dimension of maxilla and mandible. Soft diet can diminish the size of mastication muscles. Therefore, functional stimulation to bone will decrease, that may cause rotation of mandible backward, resulting the gonionangle larger than normal. The changes of dimension will directly affect both maxilla and mandible, because origin and insertion of mastication muscles are attached to them. 19, 20 DuBrul 21 suggested that the site of growth of maxilla complex occurs prominently in several sutures in this region. The suture is running frontward-upward to backward-downward, therefore the maxilla complex grow in up-front direction. This will cause bone apposition in the entire posterior surface of maxilla, thus enlarging maxilla anteroposteriorly. In his study of rats fed a soft diet, Engstrom et al. 16 demonstrated that soft diet will diminish the degree of mastication function, subsequently bone apposition in upper facial suture will undergo an alteration that affecting the suture closing process. Consequently, facial growth in anteroposterior direction is insufficient.
Based on explanation above, it can be assumed that muscular hypotonia in patients with Down syndrome will decrease the function of mastication, resulted in facial growth insufficiency in anteroposterior direction. Likewise soft diet will decrease muscle strength, muscular hypotonia in patients with Down syndrome most likely to give direct impact to the dimension of maxilla and mandible. In addition, muscular hypotonia will reduce mechanical strength that compress the mandible, thus gonion angle in patients with Down syndrome have a tendency to be larger than normal. For that reason, it can be concluded that the degree of mastication muscular tone in Down syndrome patients has an impact on the maxillary length, mandibular length, and gonion angle, in which all three of them are facial size of anteroposterior growth.
The degree of mastication muscular tone also has a significant impact on facial size of vertical growth (p = 0.020). To describe this, masseter and temporalis muscle activities are open and close the mouth when eating, and speaking as well. 18 Muscular hypotonia, or weakened of masticatory muscles, in Down syndrome patients reduces muscle stimulation to the bone, resulted in insufficiency of facial growth in vertical direction.
DuBrul 21 proposed that vertical facial growth in subnasal region is augmenting, as a result of resorption in nasal floor and aposition in surface of palatum and alveolar bone, concurrently with teeth eruption. Muscular hypotonia in Down syndrome patients reduces mastication force, so it will also reduce the force from mandibular stroke to alveolar bone in upper jaw and afterward transmitted to palatum. Consequently, remodeling process in subnasal region will not be optimal, that will cause a lack of vertical facial size.
The result revealed that the degree of mastication muscular tone in Down syndrome patients has no influence on facial size of lateral growth (p = 0.527). Considering that fibers of masseter muscle run obliquely and temporalis muscle fibers runs vertically and obliquely, and their main functions are to elevate and retract the mandible, 18, 21 it is most likely that facial size of lateral growth is not influenced by masticatory muscles that largely move vertically in accordance with their fibers direction.
According to DuBrul, 21 there is only small amount of lateral facial growth in the posterior region because it is limited by os sphenoidale. Or else, it is likely that lateral facial growth have already completed in 12 years of age. Therefore, the muscle activity around facial region is not strong enough to exert influence upon lateral facial growth, what is more in Down syndrome patients who have masticatory muscular hypotonia.
The result and discussion above revealed that the degree of mastication muscular tone in Down syndrome patients may influence the facial size of anteroposterior and vertical growth, but not the facial size of lateral growth.
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